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1.  Introduction 
In the Republic of Moldova, floods, in 
comparison with other natural disasters, cause 
the greatest damages. This is explained not only 
by specific natural factors but also by the fact 
that precincts of localities, roads, including 
railway sectors and other infrastructure 
objectives are located directly in potential 
flooded regions. The main factors, which 
determine the occurrence of floods, are extreme 
weather conditions, especially rainfalls, their 
effect being amplified by human activity. 
Therefore, identifying areas vulnerable to 
flooding presents a special interest, particularly 
vulnerable areas of large river basins, primarily 
Prut and Dniester Rivers, where floods, judging 
to literary data, are quite common.  
Flood data of Carpathians and Dniester 
region can be found in various historical 
documents, chronicles, descriptions of foreign 
travelers who visited the Land of Moldova. First 
mention of a major flood in the valley of the 
Dniester River, which took place in 1146, can 
be found in the Chronicle of Ipatiev. Also, 
detailed descriptions of river floods from 1230, 
1572, 1649, 1668, 1700, 1730, 1757, 1814, 
1823, 1864 years can be found in several 
sources. Church documents and other archival 
materials also contain information about Prut 
River floods that occurred in August 1812, June 
1825, March 1827, March 1841, August 1843 
and 1889 and May 1893. During the period of 
instrumental observations on Dniester and Prut 
River flows, devastating floods were recorded in 
1911, 1913, 1932, 1941, 1948, 1955, 1969, 
1973, 1980, 1989, 1998, 2008, 2010 [2]. These 
floods have caused damages estimated in tens of 
millions of USA dollars. For example, 
exceptional floods of 2010 summer caused 
losses up 0.15 % of the Republic of Moldova 
GDP [1].  
As a study object, in terms of flood wave 
development, served Prut River section between 
reservoir Costesti-Stinca and Ungheni Town. 
 
2.  Methods and materials 
Evaluation of potential flood areas is 
performed using a large number of flood wave 
simulation models. These models are usually 
integrated in specialized software. With the 
advent of GIS, spatial analysis models of 
elements, which influence and cause flood wave 
propagation, experienced a vertiginous growth 
due to simple and rapid methods for handling 
and analysis of graphical data, stored in 
thematic layers forms developed by 
geoinformational programs. One of the key 
elements of automation process is a complex 
database managed and analyzed by 
geoinformational software. Due to the high 
complexity of the database, the smallest details 
of how flood event manifests can be captured, 
thus achieving a high accuracy of the 
simulation. The most popular simulation models 
are: SCS-CN, MIKE SHE, KINEROS, 
TOPMODEL and HEC-RAS. 
In this study the following software were 
used: ArcGIS, for preprocessing and 
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postprocessing, HEC-GeoRAS (an ArcGIS 
software extension), used to obtain input data 
for the project geometry from ArcGIS and 
HEC-RAS created by the U.S. Army Corps of 
Engineers for hydraulic modeling [6]. These 
programs were used to simulate evacuation 
wave from Costesti-Stinca reservoir for 
potential flood areas visualization on pilot 
section Costesti-Stinca - Ungheni. HEC-RAS 
has been recommended as a complex program 
in hydrological domain with multitudes of 
functionalities. It allows one-dimensional 
hydrologic analysis for steady and unsteady 
flow and also includes special modules for 
assessing beds changes due to sedimentation 
and erosion and for water quality analysis.  
Basing on systematization and generalization of 
multiannual materials of Prut River catastrophic 
floods from State Hydrometeorological Service 
archive and recommendations of the regulations 
of the Costesti – Stinca reservoir exploitation, 
characteristic hydrographs for flood modeling 
were determined. Within computational 
simulations four models of flood wave were 
performed for which four hydrographs of 
Costesti-Stinca reservoir evacuation wave were 
used as initial data. Their peaks flow are as 
follows (tab. 1): model 1: Qmax = 700 m
3/s 
(corresponding to 1% probability), model 2: 
Qmax = 1274 m
3/s (corresponding to 0.5% 
probability), model 3: Qmax = 1544 m
3/s 
(corresponding to evacuation catastrophic 
discharges from Costesti-Stinca reservoir 
spillways), model 4: Qmax = 2834 m
3/s 
(corresponding to 0.1% probability). 
Digital Elevation Model was made using 
Soviet topographic maps of 1:25.000 scales, 
1971-1978 years [5], from which contour lines, 
altitude points for TIN creation and also 
hydrological elements like Prut River and its 
tributaries within the floodplain were extracted. 
Settlements and infrastructure near the river 
were also digitized. 
3.  Results and Discussion 
Section Costesti-Stinca - Ungheni has an 
approximate length of 175 km. Valley bottom 
occupied by river bed is flat, with a medium 
width of about 6 km. The slopes are heavily 
fragmented by a system of appreciable ravines 
and gullies, the slopes are covered by steppe 
vegetation, mostly exploited in agricultural 
purposes. Riverbed creates multiple open 
meanders, with an intense lateral dynamics, 
medium riverbed width is 50-80 m, maximum - 
140 m, minimum - 28 m. Stream depths are of 
0.8 - 2.5 m, maximum - 7.1 m; speeds vary 
within 0.4 - 0.7 m/s. [2] Riverbed banks are 
steep, with a height of 3-5 m, consisting of clays 
and sands. Facial characteristics that create 
floodplain deposits indicate its considerable 
ability to accumulate large amounts of water on 
a significant surface.  
In the first stage of work primary 
processing of information was executed, which 
included developing a DEM and a TIN of a high 
quality. Geometry calibration, extracted from 
HEC-GeoRAS and ArcGIS, was performed in 
HEC-RAS using materials of longitudinal and 
transversal sections of Prut River effectuated 
within field researches conducted by the Acva 
Proiect Design Institute. [2] Transverse profiles 
extracted from TIN din not contain values of 
river bathymetry while transverse profiles of 
Acva Project Design Institute did not include 
the full width of the floodplain. That's why a 
manually combining of cross-sections for 
subsequent modeling of flood wave was made. 
Because the number of existed profile was not 
sufficient we appealed to their interpolation into 
the HEC-RAS, and finally, the number of cross 
sections of the river Prut was doubled. Number 
of cross sections taken into account was 
appreciated basing on specific floodplain 
topography and the degree of accuracy required 
in assessing the values of free surface of water 
in the HEC-RAS. 
 
 
 GEOGRAPHIA NAPOCENSIS  AN. VI, nr. 2/2012 
http://geographianapocensis.acad-cluj.ro 
UTILIZATION OF HEC-RAS FOR FLOOD WAVE MODELING ON EXAMPLE OF PRUT RIVER 
  73 
Table 1. Modeled flood wave characteristics 
Models 
Evacuation from 
Costesti-Stinca 
reservoir, m
3/s [2] 
Ungheni, 
m
3/s 
Travel time of flood wave 
dynamics from upper to downer 
post, hours 
Flooded area, 
km
2 
1 700  597  131  189 
2 1274  1118  123  295 
3 1544  1351  122  317 
4 2834  2265  120  366 
 
 
 
Figure 1. Flood wave hydrographs from upstream and downstream points. 
 
 
After calibration of information in HEC-
RAS software, within automated system, four 
models of flood wave were constructed (Fig. 1, 
2), which represent spatial and temporal 
distribution of flood wave on the sector 
Costesti-Ungheni. These models allow us to 
assess the water level of flood wave, maximum 
discharges at Ungheni point, travel time in days 
and hours of flood wave dynamics from 
Costesti-Stinca to Ungheni. For example, if 
Costesti-Stinca evacuates maximum discharges 
of 700 m
3/s (1% probability) the maximum 
discharge will arrive to Ungheni in over 131 
hours and will be 597 m
3/s, but in case of 
evacuation of discharge equal to 1544 m
3/s 
(spillways catastrophic discharges) at Ungheni 
maximum discharges will be 1351 m
3/s and will 
come in over 122 hours (Table 1). Respectively 
maximum flood wave discharges are reduced 
over 175 km - distance enclosed between 
Costesti-Stinca and Ungheni. Discharge 
hydrographs of Costesti-Stinca, entered into the 
system as input data, are of a typically triangular 
shape with a single peak. Basing on these data 
HEC-RAS modeled output hydrographs at 
Ungheni (Fig. 1). Also, HEC-RAS allows 
dynamic visualization of flood wave within the 
longitudinal profile. Figure 2 presents the 
schematic longitudinal profile and maximum 
levels of those four characteristic models.  
Visualization of potential flood areas can 
be made by RAS Mapper or by final data 
extraction from the HEC-RAS into HEC-
GeoRAS and ArcGIS. Figure 3 presents 
potentially flooded areas overlaid on digital 
elevation model and localities layer in ArcGIS. 
Also, a great value in case of floods has such 
characteristic like water depth and water 
velocity. HEC-RAS evaluates and presents 
these important parameters in a rasters form 
(fig. 4). Thus, localities’ areas susceptible to this 
disaster can be found, allowing performing 
works to avoid victims and potential material 
damages. 
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Figure 2. Schematic longitudinal profile of Prut River on sector Costesti-Stinca- Ungheni 
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Figure 4. Rasters of  velocity and water depth in case of Qmax=2834m
3/s 
 
4.  Conclusions and recommendations 
Floods management is possible due to the 
fact that their zone of manifestation can be 
predictable and often a warning can be 
announced regarding the area, flood extent and 
character. One of flood prevention methods is 
based on creating of a virtual model and its 
computational simulation to further 
development of necessary recommendations. 
Necessity of project implementation was driven 
by frequency and intensity of floods in recent 
years, the lack of a digital support regarding 
flood wave simulation. 
Executed work related to extreme pluvial 
flood modeling and assessment of risk areas in 
case of floods on the republic rivers, presents 
the first stage of researches oriented to organize 
an analytical-informational system for flood 
management basing on application of 
internationally recognized programs. 
This research is a part of the concerns 
expressed at national and international level to 
identify areas susceptible to flooding and is the 
starting point in flood risk maps preparation. 
Also, the project aimed to demonstrate the 
capability of used simulation program (HEC - 
RAS) in determining areas susceptible to 
flooding. We believe that the attempt to use 
hydraulical-hydrological modeling to Prut River 
flood parameters assessment is prospective and 
has great practical relevance. In this context, 
further investigation are required in order to 
improve flood modeling methods and reduce 
flood risk in river valleys from the Republic of 
Moldova. 
It must be noted that currently there is not 
accepted and developed an unique method of 
flood wave formation processes modeling and 
flood risk assessment in case of flooding within 
border areas along Prut River. Systems that 
model free water surface curve depending on 
water levels at measuring stations, exist, but GEOGRAPHIA NAPOCENSIS  AN. VI, nr. 2/2012 
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differ, in some way, in the calculations 
comparing with HEC-RAS model proposed by 
us. For these reasons, creation of a common 
platform for Prut River flood management in 
cooperation with neighboring countries is of a 
great importance. 
The numerical results can be considered 
reliable corresponding to used original dataset. 
It is worth noting that due to inaccuracy of 
available relief topographic data and riverbed 
data, used topographic maps being created in 
the 80s of the last century and an insufficient 
scale, simulations cannot be considered 
sufficiently accurate. In other words, the 
topographical data, altitudes might not 
correspond exactly to reality. Also, in 
developing of this model the specific vegetation 
type and soil type were not taken into account - 
data necessary for accurate determination of the 
Manning roughness coefficient. Data of actual 
character of Prut River bed on the Costesti-
Ungheni section were also insufficient. [2]   
To enhance the reliability of hydrological 
model and computational results it is necessary 
to digitize updated large-scale topographic maps 
at least of 1:10 000 and perform detailed 
research of Prut riverbed to obtain submerged 
cross sections. It is also necessary to include in 
the model all hydrotechnical structures located 
along Prut River, such as dykes, pumping 
stations, reservoirs, irrigation canals etc. It is 
imperative to make also field observations to 
detail the nature of the banks and adjacent 
territories. 
Another aspect would be expansion of 
hydrological model by including tributaries of 
Prut River, taking into consideration the lateral 
water flow contribution during heavy rainfall. 
This will enable, in our view, development of a 
true model relating flood wave dynamics on that 
section of Prut and development of adequate 
measures to protect and prevent the disastrous 
effects of flooding. [2]   
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